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a  b  s  t  r  a  c  t
The  aim  of  this  study  was  to  assess  the  inﬂuence  of different  exposure  times  of engorged
female  the  Rhipicephalus  microplus  to infective  juveniles  of  Heterorhabditis  bacteriophora
isolate  HP88.  The  engorged  females  were  divided  into  seven  groups  (six  treatments  and  one
control)  of  20  ticks  each  with  statistically  similar  average  weights  (p >  0.05)  and  exposed  to
concentrations  of  300  nematodes/tick  for  periods  of  3, 6, 12,  24,  48  and  72  h. The  following
biological  parameters  were  monitored:  pre-oviposition  period;  egg  mass  weight;  hatching
percentage;  and  efﬁcacy  of  treatment.  There  was  no  inﬂuence  of  the  exposure  time  on  the
pre-oviposition  period  (p  > 0.05),  while  there  were  signiﬁcant  differences  (p  <  0.05)  between
the groups  exposed  for 24, 48  and  72  h  and  the  control  group  with  respect  to  the  egg mass
weight,  and  24 h for  hatching  percentage.  Treatment  efﬁcacy  reached  100%  after  exposure
for 48  and  72  h.  These  results  demonstrate  that  infective  juveniles  of  H. bacteriophora  HP88,
under  laboratory  conditions,  interfere  in  the  majority  of the  biological  parameters  of  the
non-parasitic  phase  of  engorged  R.  microplus  females  when  the  exposure  time  is  greater
than or  equal  to  24  h.Researchers have been trying to ﬁnd products that are
ffective against the cattle tick, Rhipicephalus microplus
Canestrini, 1888), for many years because of the sub-
tantial economic losses this species causes to milk and
eef producers. According to current estimates, the losses
aused by this tick in Brazil amount to two billion dollars a
ear (Grisi et al., 2002). Many of these issues are related to
he incessant and often improper use of chemical products,
hich has resulted in the selection of acaricide-resistant
ick (Furlong et al., 2007).
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304-4017 © 2011 Elsevier B.V. Open access under the Elsevier OA license.Because of this resistance problem, as well as height-
ened ecological concerns, there is an increasing demand
for new alternatives to control pests, requiring to minimal
use of chemicals with the intention of preserving the envi-
ronment and assuring foods free of residues (Floate et al.,
2005). Studies have shown that various tick species are sus-
ceptible to infection with entomopathogenic nematodes
(EPNs) (Kaaya et al., 2000). These nematodes have been
found to be pathogenic to the cattle tick under laboratory
conditions (Monteiro et al., 2010a); among the nematode
© 2011 Elsevier B.V. Open access under the Elsevier OA license.species tested in vitro on the cattle tick, Heterorhabditis
bacteriophora Poinar, 1975 (Rhabditida, Heterorhabditi-
dae) HP88, was one of most virulent (Monteiro et al.,
2010b).
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Published results indicate that the susceptibility of ticks
to infection by EPNs can vary according to the tick species
studied, stage of development, EPN strain used and expo-
sure time of the ticks to the nematodes (Samish et al., 2008).
According to Glazer et al. (2001),  analysis of the exposure
time can be a valuable tool to assess the pathogenicity of
entomopathogenic nematodes on ticks that allows obser-
vation of the EPN species managing to locate, penetrate,
and kill engorged female ticks in the shortest period. In this
context, the aim of the present study was to assess the inﬂu-
ence of different exposure times of engorged females of R.
microplus to infective juveniles of H. bacteriophora HP88.
The study was conducted in the Parasitology Labora-
tory of the Embrapa Dairy Cattle Research Center (Embrapa
Gado de Leite) in Juiz de Fora, Minas Gerais, Brazil.
The engorged females were divided into seven groups
of 20 ticks with statistically similar weights (p > 0.05). Each
group was further divided into four subgroups of ﬁve
females, identiﬁed with nontoxic ink for individual moni-
toring (each female = an experimental unit) and distributed
in Petri dishes (6 cm in diameter) containing a substrate
of 15 g of sterilized sand. Each treatment subgroup was
sprayed with 4 ml  of an aqueous solution containing a con-
centration of 1500 IJs/4 ml  per dish, for a concentration
300 EPNs/female. This concentration was based on results
obtained in a previous study (Monteiro et al., 2010b).
After being sprayed, the Petri dishes containing the ticks
were placed in a climate-controlled chamber at 27 ± 1 ◦C
and RH > 80 ± 10% and exposed to the nematodes for 3, 12,
24, 48 and 72 h. The control group was sprayed with 4 ml
of distilled water free of EPNs and kept in the chamber for
72 h. At the end of the exposure time of each treatment, the
females still alive were removed from the Petri dishes con-
taining sand and observed under a stereoscopic microscope
for possible visualization of the IJs on the tegument. After
observation, these females were cleaned on paper towels,
afﬁxed with adhesive tape in the dorsal decubitus posi-
tion in 12-cm Petri dishes and placed in climate-controlled
chamber under the same temperature and relative humid-
ity conditions mentioned before.
The females were observed daily to check for mortality
and to collect the egg masses until the last tick died. The egg
mass were placed individually in labeled 10-ml adapted
syringes, with the distal part cut, sealed with hydrophilic
cotton and placed again in the climate-controlled cham-
ber (27 ± 1 ◦C and RH > 80 ± 10%). The following biological
parameters were evaluated: pre-oviposition period; egg
mass weight (mg); hatching percentage (%H) and efﬁcacy
of treatment (Drummond et al., 1973).
Statistical analysis was performed using the soft-
ware Biostat version 5.0. The percentage values were
transformed into
√
arcsin x. The median values of each
treatment were analyzed by ANOVA and the Tukey test
(p < 0.05). In the case of nonparametric distributions, the
values were compared through the nonparametric tests of
Kruskal–Wallis and Student–Newman–Keuls (p < 0.05). A
polynomial regression was used to establish an equation
describing the relation between the exposure time and efﬁ-
cacy of the treatments. This equation was then employed
to calculate the 50% and 90% offspring inhibition exposure
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The pre-oviposition period in the control groups ranged
from 2.74 to 2.86 days, and they did not appear to be
affected by EPN infection because the duration of the
same periods in the control group (2.79) was equivalent
(p > 0.05). By comparison to the control group, only the
groups with females exposed to IJs of H. bacteriophora
HP88 for 24 h, 48 h and 72 h presented signiﬁcant differ-
ences (p < 0.01) in the egg mass weight. As compared to
the hatching percentage in the control group (96.22%),
only the group exposed to nematodes for 24 h (66.29%)
showed a signiﬁcant reduction (p < 0.05) in this parameter
(Table 1). Lack of oviposition by ticks exposed to the EPNs
for 48 h and 72 h precluded statistical analysis of the pre-
oviposition period and hatching percentage parameters in
those treated groups (Table 1).
Our ﬁndings indicate that longer exposure times allow
a greater number of nematodes to locate and penetrate the
host, which apparently enhances the effects on the bio-
logical parameters of the non-parasitic phase of engorged
females of R. microplus measured in this study. According
to Hill (1998),  exposure of ticks to nematodes for a short
period reduces the number of IJs that successfully penetrate
engorged females, thus decreasing the lethality of the infec-
tion. Monteiro et al. (2010b), using different concentrations
of H. bacteriophora HP88 with a single exposure time of
72 h, found that the concentration of 75 EPNs/female was
sufﬁcient to cause alterations in most of the parameters
of the non-parasitic phase of R. microplus.  Better results
than those attained in the present study were obtained by
Carvalho et al. (2010),  who  exposed engorged R. microplus
females to 1000 IJs of Steinernema glaseri isolate CCA for 2,
6, 12, 24, 48 and 72 h and found that 2 h was  enough for
the IJs to signiﬁcantly interfere in the majority of biological
parameters analyzed.
Efﬁcacy levels of the treatments with exposure times of
3 h, 6 h, and 12 h were relatively low, at 1.53%, 12.24% and
32.62%, respectively. However, exposure for 24 h resulted
in efﬁcacy of 82.54%, a ﬁgure that reached 100% after expo-
sure of 48 h and 72 h (Table 1). According to Carvalho et al.
(2010), the exposure of R. microplus females for 2 h, 6 h,
12 h, 24 h, 48 h, and 72 h to IJs of S. glaseri,  at a concen-
tration of 1000 EPNs/female, resulted in respective efﬁcacy
levels of 66.01%, 78.08%, 83.69%, 99.95%, 98.96% and 97.87%.
With short exposure times, the efﬁcacy levels attained in
the study by Carvalho et al. (2010) was greater than found
in the present study, but at the longer exposure times the
offspring inhibition was  similar in both studies. These dif-
ferences can be related to the efﬁciency of each species in
locating the host. Schroeder and Beavers (1987) evaluated
the horizontal movement of S. glaseri,  Steinernema car-
pocapsae (Weiser, 1955) and H. bacteriophora and reported
that S. glaseri was  more capable of dispersing than the other
two species. Csontos (2002) analyzed the capacity for dis-
persion and host-searching of these same two  nematode
species and concluded that S. glaseri was  more efﬁcient
than H. bacteriophora in dispersing and ﬁnding the host.
The concentration of nematodes also may  have inﬂuenced
the difference in the results. In the present study, we  used
a concentration of 300 NEPs/female, while in the study
by Carvalho et al. (2010) was  used at concentration of
1000 NEPs/female.
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Table 1
Mean pre-oviposition period, egg mass weight of engorged females and hatching percentage (%) of larvae of Rhipicephalus microplus exposed to infective
juveniles (300 EPN/female) of Heterorhabditis bacteriophora HP88 for different periods (3 h, 6 h, 12 h, 24 h, 48 h, 72 h), under laboratory conditions (27 ± 1 ◦C
and  RH > 80 ± 10%) and efﬁcacy of treatments.
Exposure time (h) Pre-oviposition period (days) Egg mass weight (mg) Hatching percentage (%EC) Efﬁcacy of treatments (%)
72 h + water (control) 2.79a ± 0.44 (19) 144.20a ± 23.28 (19) 96.22a ± 4.54 (19)
3  h + EPN 2.74a ± 0.45 (20) 142.32a ± 26.30 (20) 95.16a ± 4.05 (20) 1.53%
6  h + EPN 2.72a ± 0.46 (19) 130.73a ± 34.26 (19) 92.42a ± 20.10 (19) 12.24%
12  h + EPN 2.64a ± 0.50 (16) 109.79a ± 64.35 (16) 84.66ab ± 20.58 (16) 32.62%
24  h + EPN 2.86a ± 0.38 (8) 36.32b ± 58.52 (8) 66.29b ± 44.30 (8) 82.54%
48  h + EPN – (0) 0.00c ± 0.00 (20) – (0) 100%
72  h + EPN – (0) 0.00c ± 0.00 (200) – (0) 100%
n
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eans followed by equal superscript letters in the same column do not d
–)  statistical test not performed due to the small sample size.
It is also important to highlight that efﬁcacy was
00% after 48 h exposure, whereas Monteiro et al. (2010b)
bserved 96% efﬁcacy following exposure of engorged
emale R. microplus to 300 NEPs for 72 h. This discrep-
ncy could be explained by the difference in pre-posture
ime, which was 2.7 days on average in this study whereas
onteiro et al. (2010b) reported results after a pre-posture
eriod of 1.5 days. Since effectiveness is measured by the
eduction offspring, nematodes in this study had more time
o penetrate and kill females before posture onset, which
pparently resulted in increased efﬁciency. The disparate
esults between studies also may  reﬂect a difference in sus-
eptibility between populations of R. microplus exposed to
. bacteriophora HP88.
Parameter values for the exposure times of 12 h, 24 h
nd 48 h were used to calculate the polynomial regres-
ion thereby placing priority on the more linear portion
he curve. This was as recommended by Bean (1961)
o obtain values. Such approach yielded this equation:
 = −1018.32 + 121.7514 × TE (R2 = 98.90). The 50% and 90%
ffspring inhibition times estimated using that formula
ere 14.19 h and 32.07 h, respectively.
Nematodes were observed on top of the host tegument
nd some of the infective juveniles were near the natural
penings of engorged female ticks after 6 h of exposure. An
nfective juvenile of H. bacteriophora HP88 was  observed
ntering R. microplus through a spiracle following the 12 h
xposure period. Heterorhabditis baujardi LPP7 and Het-
rorhabditis indica LPP4 were also reported to penetrate R.
icroplus through its spiracles (Machado, 2008). Spiracles
re reported as one of the main routes of entry for EPNs in
arious arthropods (Georgis and Hague, 1981; Nguyen and
mart, 1991). However, penetration of ticks by nematodes
s reported to occur primarily through the anal or genital
ore (Samish et al., 2008).
Based on these results, it can be concluded that exposure
ime was a determining factor in the action of H. bacterio-
hora HP88 on engorged R. microplus females. It appears
hat H. bacteriophora HP88 requires at least 24 h to sig-
iﬁcantly interfere with the biological parameters of the
on-parasitic phase of the cattle tick in concentrations of
00 NEPs/female.It is important to select species performing optimally
n the laboratory because temperature, humidity and high
oncentrations of manure are some factors that may limit
he use of nematodes in the ﬁeld (Samish et al., 2008).tistically at 5% signiﬁcance.
Further laboratory studies to evaluate the inﬂuence of
exposure time on the action of entomopathogenic nema-
todes on engorged female cattle tick are expected to
provide important information to choose the most promis-
ing species for ﬁeld trial. Formulations that enhance their
ability to locate hosts by extending viability in the envi-
ronment, penetration, and kill of engorged female ticks are
required for the use of EPNs as effective biological control
agents under ﬁeld conditions.
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